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NON-VOLATILE MEMORY ELEMENT AND 
METHOD OF OPERATION THEREFOR 

CROSS-REFERENCES TO RELATED 
APPLICATION 

This application claims priority from Japanese Patent 
Application Serial No. 2008-001970 ?led Jan. 9, 2008, the 
contents of Which are incorporated herein by reference in its 
entirety. 

TECHNICAL FIELD 

Described herein is a high-speed optical memory element, 
Which may form part of an optical communication system or 
an optical applications system. 

BACKGROUND 

A high-speed non-volatile optical memory is very impor 
tant for an optical network. High-speed data processing such 
as receiving, storing and resending data is a main function of 
an optical netWork server. High-speed optical memory is 
required to realize such a function at high speed. 
As disclosed in US. Pat. No. 5,740,117, a method of stor 

ing optical signals in a loop structure in order to store a ?xed 
amount of information Within an optical loop is known. 

Further, as disclosed in US. Pat. Nos. 5,999,284 and 6,647, 
163, an optical memory device With a Mach-Zender interfer 
ometer Which has a semiconductor optical ampli?er as a 
component, is knoWn. A major restriction With regards to the 
operational speed of such a device, results from a long inter 
subband transition time of electrons in a semiconductor. In 
addition, such a memory is volatile, so that it is disadvanta 
geous that data cannot be stored for a long time. 

Moreover, as disclosed in US. Pat. No. 7,171,096, Whichis 
a patent family of Japanese Laid Open Patent No. 2006 
018964, anon-volatile high-speed optical memory element is 
knoWn. A main advantage of such a memory element is a very 
high operation speed. 

FIG. 1 shoWs a schematic diagram illustrates an opera 
tional principal of a conventional optical memory element, 
Which is disclosed in US. Pat. No. 7,171,096 (US. patent 
application Ser. No. 11/172,861) and Japanese Laid Open 
Patent No. 2006-018964. The memory element is made up of 
a semiconductor photodiode With electrode made of ferro 
magnetic metal. 

The information data is stored according to the magnetiza 
tion directions of the ferromagnetic metal electrode. The 
information data is recorded by circularly polarized light. 
When reversed voltage is applied to the photo diode, circu 
larly polarized light excites spin polarized current in the pho 
todiode. The spin polarized current is injected into the ferro 
magnetic metal electrode thereby reversing the 
magnetization. 
As shoWn in FIG. 1 the memory is made up of tWo major 

components, a semiconductor region and a single-domain 
ferromagnetic layer. 

Data is stored according to magnetization directions of the 
ferromagnetic metal layer. 

The optical pulse excites photo electrons in the semicon 
ductor, and the photo electrons are injected into the ferromag 
netic metal layer by applying voltage. If the light is circularly 
polarized, or elliptically-polarized, the excited photo elec 
trons generated in semiconductor region are spin-polarized. 
That means that the number of spins in an upWard direction is 
different from that in a doWnWard direction. 
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2 
When the spin-polarized electrons are injected into the 

ferromagnetic metal layer, the magnetic torque is generated, 
Which is capable of reversing the magnetization of the ferro 
magnetic metal (J. C. SlonczeWski, Journal of Magneti sm and 
Magnetic Materials, Vol. 159, pp. L1 -L7, 1996; and J. Z. Sun, 
Physical RevieW B, Vol. 62, pp. 570-578, July 2000). There 
fore, optical information data expressed by difference of 
polarization states can be stored as magnetization directions 
in the ferromagnetic layer. 

In addition, in these references, a high-speed demultiplex 
ing method is disclosed. 

Both an optical pulse for data and an optical pulse for clock 
are simultaneously emitted on the memory. The polarization 
of the optical pulse for data and that for clock is linear polar 
ization and is orthogonal to each other. Since the polarization 
of the synthesized optical pulse becomes circular polarization 
only Where these optical pulses are simultaneously emitted, 
the information data is recorded in the memory through exci 
tation of spin-polarized electrons. 

Since other optical pulses Which are not matched each 
other at time axis, are linearly polarized, spin-polarized cur 
rent is not generated, so that data is not memorized in the 
memory. 

In order to read out stored data, the magneto-optical effect 
is used. Magnetization information in the free layer is read by 
using Faraday effect or effect of non-reciprocal loss, by illu 
mination of this layer by the light. 

In order to reverse the magnetization of the ferromagnetic 
metal layer With a realistic injection current, the volume of the 
ferromagnetic metal layer should be relatively small. 

In case Where injected current is smaller than 10 mA, the 
thickness of ferromagnetic metal layer should be approxi 
mately 2-5 nm, and the area should be approximately 0.02 
um2 (See Kubota et al. Japanese Journal of Applied Physics 
Vol. 44, pp. L1237-L1240, 2005). 

Since magneto-optical effect is small When the volume of 
material is small, it is dif?cult to read out information data 
stored in the ferromagnetic metal layer. In such a situation, 
application of this memory is dif?cult. 

SUMMARY 

The structure of a memory element according to the 
embodiments is similar to, but different from that described 
above, in that in the present memory element, a magnetic 
tunnel junction (MTJ) is used, instead of a ferromagnetic 
metal layer Which is made up of a single layer. 

Since the magneto-resistivity of the MTJ does not depend 
on the size of the electrode, the information data stored in the 
memory can be read out at a high signal to noise ratio (S/N 

ratio). 
For example, the magneto-resistance of a FeiMgOiFe 

magnetic tunnel junction is about 200% (see S. Yuasa et al. 
Nature Materials 3, pp 868-871, 2004). 

Also in an embodiment, magnetization reversal is assisted 
by unpolarized electrical current, so that it is possible to 
decrease the poWer of an optical pulse for data required for 
recording, thereby giving great advantage in practical use. 

Described beloW is a memory capable of reading and Writ 
ing data at a high speed of femtosecond range or picosecond 
range, and also to offer a non-volatile memory capable of 
reading and Writing data by using an electrical pulse or optical 
pulse. 

In an embodiment, a very small magnetic tunnel junction 
formed on a semiconductor p-i-n diode is used. Spin-polar 
ized current Which is generated by illuminating the p-i-n 
diode by circular polarized light or elliptically-polarized 
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light, is injected into a free layer of the magnetic tunnel 
junction so that magnetization direction in the free layer is 
changed (reversed) based on the information, Whereby infor 
mation is stored in the memory element. 
One of aspects of embodiments is non-volatile memory 

element comprising: an n-type semiconductor region; a 
p-type semiconductor region; a semiconductor light detection 
region formed betWeen the n-type semiconductor region and 
the p-type semiconductor region, Wherein a size and material 
of the semiconductor light detection region is selected so that 
the number of photo-curriers in a ?rst spin direction and that 
of photo-curriers in a second spin direction opposite to the 
?rst spin direction are not equal to each other, When these 
photo-carriers are generated by light Which is not linearly 
polarized; a side contact region Which is made of metal, and 
is in contact With the n-type semiconductor region; a free 
layer Which is made of ferromagnetic metal, and is in contact 
With the n-type semiconductor region, Wherein a size and 
form of the free layer is selected so that magnetization direc 
tion of the free layer can be reversed by current ?oWing 
betWeen the n-type semiconductor region and the pin layer 
through the free layer; a pin layer Which is made of ferromag 
netic-metal and is formed above the free layer, Wherein a size, 
form and structure of the free layer and the pin layer are 
selected so that a magnetic ?eld required to change magneti 
zation direction of the pin layer is larger than that of the free 
layer; and a non-conductive tunnel-barrier region formed 
betWeen the free layer and the pin layer, in Which a thickness 
and material of the non-conductive tunnel-barrier region is 
selected so as to transmit electrons from the pin layer to the 
free layer or from the free layer to the pin layer, Wherein data 
is stored in the memory element by using a nature of taking 
tWo magnetization directions in the free layer. 

Another aspect of the embodiments is that in a method of 
recording information data into the non-volatile memory ele 
ment, the information data is recorded by reversing magneti 
zation in the free layer by circularly polarized light, or ellip 
tically-polarized light, comprising the folloWing steps of: 
applying voltage betWeen the side contact region and the pin 
layer so that current passing through the free layer is loWer 
than critical current Which causes reversal of the magnetiza 
tion direction in the free layer; applying voltage betWeen the 
p-type semiconductor region and the pin layer, so that a 
reverse bias is applied to the semiconductor light detection 
region; and illuminating the semiconductor light detection 
region by the circular-polarized light and generating spin 
polarized photo-curriers, Whereby the intensity of the light is 
adjusted so that the magnetization reversal in the free layer 
occurs only When spin-polarized photo-carriers are injected 
into this layer, and only the information data according to the 
circularly-polarized light is recorded into the memory ele 
ment. 

Another aspect of the embodiments is that in the method of 
recording information data into the non-volatile memory ele 
ment, one data pulse from a series of data pulses is selected for 
recording into the memory element, comprising the folloWing 
steps of: illuminating the memory element by linearly polar 
ized optical data pulses; illuminating the memory element by 
a linearly polarized clock pulse, Wherein a polarization direc 
tion of the light pulse for clock is perpendicular to that of the 
optical pulses for data, and a phase difference betWeen the 
optical pulses for clock and data is adjusted to be 90 degree; 
adjusting timing of the optical pulse for clock so that the 
optical pulse for clock is combined With the one of a series of 
the optical pulse for data, thereby generating a circularly 
polarized pulse, Whereby only the circularly-polarized opti 
cal pulse is recorded in the memory element. 
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4 
Still another aspect of the embodiments is that in the 

method of recording information data into the non-volatile 
memory element, a tunnel resistance betWeen the pin layer 
and the free layer in case Where magnetization direction in the 
free layer and the pin layer is parallel is different from that in 
case Where they are antiparallel, and Wherein the semicon 
ductor light detection region provides an optical gain When 
positive voltage is applied to the p-type semiconductor 
region, and negative voltage is applied to the n-type semicon 
ductor region. 

Still more aspect of the method of optically reading infor 
mation data from the non-volatile memory element, compris 
ing the folloWing steps of: applying positive voltage to the 
p-type semiconductor region; applying negative voltage to 
the pin layer, Wherein current injected in the semiconductor 
light detection region in case Where the magnetization direc 
tion in the free layer and that in the pin layer are parallel, is 
different from current injected in the semiconductor light 
detection region in case Where the magnetization direction in 
the free layer and that in the pin layer are antiparallel, and 
voltage is adjusted so that an optical gain generated in the 
semiconductor light detection region becomes large; and illu 
minating semiconductor light detection region by a light 
pulse, Wherein after the light pulse passes through the 
memory element, an output pulse intensity in case Where the 
magnetization direction of the free layer and that of the pin 
layer are parallel is larger than that in case Where the magne 
tization direction of the free layer and that of the pin layer are 
opposite to each other, so that the information stored in the 
free layer is read out according to the intensity difference of 
the optical pulse. 
When the stored information is read out, DC voltage is 

impressed in the semiconductor p-i-n diode through the mag 
netic tunnel junction. Since there is a large difference betWeen 
resistance of the magnetic tunnel junction in case Where mag 
netization direction in the free layer and a pin layer is parallel 
and that in case Where they are antiparallel, current ?oWing 
through the semiconductor p-i-n diode in the case Where the 
magnetization directions in the free layer and the pin layer are 
parallel, is largely different from that in case Where they are 
antiparallel. 

Therefore, the optical gains corresponding thereto are very 
different from each other. Thus, information data stored in the 
memory element is read out according to intensity differences 
of optical pulse Which passes through the memory element 

In the embodiments, information data is Written in or read 
out of a memory element, and further non-volatile memory 
can be used in an optical communication link. 

BRIEF DESCRIPTION OF DRAWINGS 

Other features and advantages of the present non-volatile 
memory element and the present method of an operation 
therefor Will be apparent from the ensuing description, taken 
in conjunction With the accompanying draWings, in Which: 

FIG. 1 is a schematic diagram illustrating the principle of 
an operation of a conventional optical memory element hav 
ing one ferromagnetic metal layer; 

FIG. 2 is a schematic diagram of an optical memory ele 
ment; 

FIG. 3 is a schematic diagram illustrating a method of 
recording information in an optical memory element by cir 
cularly polarized optical pulse; 

FIG. 4 shoWs a high-speed dimultiplexing method; 
FIG. 5 is a schematic diagram illustrating a method for 

recording information in a memory element by applying volt 
age betWeen side contact and MT]; 
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FIGS. 6A and 6B respectively show a schematic diagram 
illustrating a method for reading information from the 
memory element according by value of electrical current; and 

FIGS. 7A and 7B respectively shoW a schematic diagram 
illustrating a method for reading information from the 
memory element according to the intensity of optical pulse. 

DETAILED DESCRIPTION 

A description Will noW be given, referring to embodiments 
of the present non-volatile memory element and the present 
method of an operation therefor. While the claims are not 
limited to such embodiments, an appreciation of various 
aspects of the present high-speed memory device is best 
gained through a discussion of various examples thereof. The 
accompanying draWings shoW only one of memory elements 
Which form the memory device. 

FIG. 2 shoWs a schematic diagram of an optical memory 
element according to an embodiment. 

The optical memory element comprises a p-i-n diode and a 
magnetic tunnel junction (MT]) electrode. The p-i-n diode 
consists of a p-type semiconductor region, an n-type semi 
conductor region, and an undoped region (an i-type semicon 
ductor region). 

The magnetic tunnel junction (MT]) is made of tWo layer 
ferromagnetic metal regions Which are separated by a non 
conductive tunneling region (tunneling layer). The ferromag 
netic metal region, Which is in contact With the n-type semi 
conductor region, is referred to as a free layer. The other 
ferromagnetic metal region is referred to as a pin layer. The 
magnetic ?eld required to change (reverse) magnetization 
direction of the free layer is smaller than that required for the 
pin layer. 

The resistivity of the magnetic tunnel junction (MT]) 
depends on mutual orientation of magnetization of the free 
and pin layers. Also, a non-magnetic electrode referred to as 
a side contact, Which is in contact With the n-type semicon 
ductor region, and a non-magnetic contact Which is in contact 
With the p-type semiconductor region are provided. 

FIG. 3 is a schematic diagram shoWing a method of Writing 
information in a memory element according to an embodi 
ment. 

By reversing the magnetization direction of the free layer 
by emitting circularly-polarized optical pulse on the i-type 
semiconductor region, data is recorded in the memory ele 
ment according to the embodiment. Voltage V2 is applied 
betWeen the pin layer of the magnetic tunnel junction (MT]) 
and the side contact While emitting the circularly-polarized 
optical pulse on the i-type semiconductor region. 
When electrical current I2 Which ?oWs through the mag 

netic tunnel junction (MT]), exceeds the critical value, mag 
netization of the free layer can be reversed. HoWever, the 
voltage V2 is adjusted so that the current I2 may be loWer than 
the critical current Which causes magnetization reversal. The 
voltage V1 is applied to the p-i-n diode through the magnetic 
tunnel junction (MT]). The voltages V1 and V2 are respec 
tively applied thereto While data recording. Since the memory 
is non-volatile, the voltages V1 and V2 may not be needed 
When date is stored. In addition, V1 may be optimized for a 
speci?c p-i-n diode, and is for example, about 5 V. The voltage 
V2 may be optimized for a speci?c the magnetic tunnel junc 
tion (MT]), and is, for example, about 1 V. 
When the p-i-n diode is not illuminated by the light, only a 

small amount of “dark” current ?oWs through the p-i-n diode. 
When the p-i-n diode is illuminated by the light, the light 
excites photo electrons in the p-i-n diode. Under applied 
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6 
voltage V1, these electrons are injected into the free layer of 
the magnetic tunnel junction (MT]). 

If the light is circularly polarized, the photo induced elec 
trons are spin polarized. That means that the number of spin 
up electrons and that of spin doWn electrons are not equal to 
each other. 
The intensity of the light is adjusted so that, When the light 

is circularly polarized, the current injected into the free layer 
may be large enough to cause magnetization reversal, and so 
that When the light is linearly polarized, the current injected 
into the free layer may not be enough to cause magnetization 
reversal. 

Therefore, only the circularly polarized light can reverse 
magnetization of the free layer, thereby recording the infor 
mation data. The unpolarized current I2 Which is generated by 
the voltage V2 is useful to reduce the required intensity of the 
optical pulse for the recording. 

FIG. 4 shoWs a high-speed dimultiplexing method accord 
ing to an embodiment. 
A series of optical pulses for information data and an 

optical pulse for clock are emitted on the memory element 
simultaneously. The polarization of the data optical pulses 
and the clock optical pulse are linear and perpendicular to 
each other. The phase difference betWeen the data pulses and 
the clock pulse is 90 degree. 

Timing of the clock optical pulse is delayed (or adjusted) so 
that only one of the series of optical pulses for data, Which is 
a target for recording, are combined With the clock optical 
pulse and are simultaneously emitted on the memory element. 

Therefore, only that optical pulse for data is circularly 
polarized or elliptically-polarized. The other optical pulses 
for data remain linearly polarized. Since data can be recorded 
into the memory element by only circular polarization or 
elliptical polarization of light, only that one optical pulse for 
data is stored in the memory element. 

FIG. 5 is a schematic diagram illustrating a recording 
method for the memory element according to an embodiment, 
in Which the data of applied voltage is recoded. The magne 
tization direction of the free layer is reversed by applying 
voltage betWeen the magnetic tunnel junction (MT]) elec 
trode and the side contact. In this case, the electrons ?oW from 
the side contact through an n-type semiconductor region into 
the free layer. If the current exceeds the critical current for 
magnetization reversal of the magnetic tunnel junction, the 
magnetization of the free layer is reversed. If the applied 
voltage is small, the current is not suf?cient to reverse mag 
netization. Therefore, the data encoded into applied voltage 
can be recoded into the memory. 

FIGS. 6A and 6B respectively shoWs a schematic diagram 
illustrating a method for reading information from the 
memory element according to an embodiment, in Which 
information is read out from the memory element by measur 
ing resistivity of the magnetic tunnel junction (MT]) contact. 
When information is read from the memory element, the 
voltage is applied betWeen the pin layer of the MT] and the 
side contact. Because the resistivity of the MT] is different 
depending on tWo different magnetization directions in the 
free layer, that is, there is small current (the magnetization is 
anti-parallel) When the resistivity of the MT] is high, and 
there is larger current When the resistivity of the MT] is loW 
(the magnetization is parallel to the magnetization of the 
“pin” layer), the information data stored in the MT] can be 
read out based on an output of, for example, a comparator (not 
shoWn) Which reads the value of current ?oWing through the 
magnetic tunnel junction (MT]). 

FIG. 6A shoWs a case Where the direction of magnetization 
of the free layer is the same as that of the pin layer. In this case, 
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resistivity of the MT] is loW so there is electrical current. FIG. 
6B shows a case Where the direction of magnetization of the 
free layer is not the same as that of the pin layer. In this case, 
the resistivity of the MT] is high so there is no electrical 
current. 

A reading method for the memory element according to an 
embodiment Will be described, referring to FIGS. 7A and 7B 
a schematic diagram illustrating. FIGS. 7A and 7B shoW a 
cross sectional vieW of a memory element according to an 

embodiment, Wherein the intensity of the optical pulse pass 
ing through the p-i-n diode is read. 

Negative voltage is applied to a pin layer of the magnetic 
tunnel junction (MT]), and positive voltage is applied to a 
p-type region of a p-i-n diode. Electrons from an n-type 
semiconductor region and holes from the p-type semiconduc 
tor region are injected into an i-type semiconductor region 
and are combined there. Therefore, the p-i-n diode can pro 
vide the optical gain. The value of the optical gain is propor 
tional to the amount of carriers injected into the i-type semi 
conductor region. 
As shoWn in FIG. 7A, When the applied voltage is adjusted 

so that When magnetizations of the free and pin layers are 
opposite to each other and the resistivity of the magnetic 
tunnel junction (MT]) is high, the current ?oWing through the 
p-i-n diode is loW so that it is not suf?cient to provide enough 
optical gain to compensate absorption in the p-i-n diode. 
Therefore, in this case the optical pulse can not pass through 
the p-i-n diode. When directions of magnetization of the free 
and pin layers are the same (parallel) and the resistivity of the 
magnetic tunnel junction (MT]) is loW, the current ?oWing 
through the p-i-n diode is higher than that in case of FIG. 7A 
and it should be su?icient to provide enough optical gain to 
compensate absorption in the p-i-n diode. Therefore, in this 
case the optical pulse can pass through the p-i-n diode. Thus, 
for example, light Which comes out of the memory element is 
received by a optical detector (not shoWn) so that information 
is read based on an output of the optical detector. 

Since an optical gain in case Where magnetization direc 
tions of the free and pin layers are opposite to each other and 
the resistivity of the magnetic tunnel junction (MT]) is high, 
is different from that in case Where the magnetization direc 
tions of the free and pin layers are the same (parallel) and the 
resistivity of the MT] is loW, the intensity of light passing 
through the p-i-n diode varies, depending on the information 
stored in the memory element. Thus, according to the inten 
sity of the light passing through p-i-n diode, the information 
data stored in the memory element can be read by detecting 
the light passing through the p-i-n diode. 

The preceding description has been presented only to illus 
trate and describe exemplary embodiments of the present 
non-volatile memory element and the present method of 
operation therefor. It is not intended to be exhaustive or to 
limit the invention to any precise form disclosed. It Will be 
understood by those skilled in the art that various changes 
may be made and equivalents may be substituted for elements 
thereof Without departing from the scope of the invention. In 
addition, many modi?cations may be made to adapt a par 
ticular situation or material to the teachings of the invention 
Without departing from the essential scope. Therefore, it is 
intended that the invention not be limited to the particular 
embodiment disclosed as the best mode contemplated for 
carrying out this invention, but that the invention Will include 
all embodiments falling Within the scope of the claims. The 
invention may be practiced otherWise than is speci?cally 
explained and illustrated Without departing from its spirit or 
scope. 
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8 
What is claimed is: 
1. A non-volatile memory element comprising: 
an n-type semiconductor region; 
a p-type semiconductor region; 
a semiconductor light detection region formed betWeen the 

n-type semiconductor region and the p-type semicon 
ductor region, Wherein a size and material of the semi 
conductor light detection region is selected so that the 
number of photo -curriers in a ?rst spin direction and that 
of photo-curriers in a second spin direction opposite to 
the ?rst spin direction are not equal to each other, When 
these photo-carriers are generated by light Which is not 
linearly polarized; 

a side contact region Which is made of metal, and is in 
contact With the n-type semiconductor region; 

a free layer Which is made of ferromagnetic metal, and is in 
contact With the n-type semiconductor region, Wherein a 
size and form of the free layer is selected so that mag 
netization direction of the free layer can be reversed by 
current ?oWing betWeen the n-type semiconductor 
region and the pin layer through the free layer; 

a pin layer Which is made of ferromagnetic-metal and is 
formed above the free layer, Wherein a size, form and 
structure of the free layer and the pin layer are selected 
so that a magnetic ?eld required to change magnetiza 
tion direction of the pin layer is larger than that of the 
free layer; and 

a non-conductive tunnel-barrier region formed betWeen the 
free layer and the pin layer, in Which a thickness and 
material of the non-conductive tunnel-barrier region is 
selected so as to transmit electrons from the pin layer to 
the free layer or from the free layer to the pin layer, 

Wherein data is stored in the memory element by using a 
nature of taking tWo magnetization directions in the free 
layer. 

2. A method of recording information data into the non 
volatile memory element according to claim 1, Wherein the 
information data is recorded by reversing magnetization in 
the free layer by circularly polarized light, or elliptically 
polarized light, comprising the folloWing steps of: 

applying voltage betWeen the side contact region and the 
pin layer so that current passing through the free layer is 
loWer than critical current Which causes reversal of the 
magnetization direction in the free layer; 

applying voltage betWeen the p-type semiconductor region 
and the pin layer, so that a reverse bias is applied to the 
semiconductor light detection region; and 

illuminating the semiconductor light detection region by 
the circular-polarized light and generating spin-po 
lararized photo-curriers, Whereby the intensity of the 
light is adjusted so that the magnetization reversal in the 
free layer occurs only When spin-polarized photo-carri 
ers are injected into this layer, and only the information 
data according to the circularly-polarized light is 
recorded into the memory element. 

3. A method of recording information data into the non 
volatile memory element according to claim 1, Wherein one 
data pulse from a series of data pulses is selected for recording 
into the memory element, comprising the folloWing steps of: 

illuminating the memory element by linearly polarized 
optical data pulses; 

illuminating the memory element by a linearly polarized 
clock pulse, Wherein a polarization direction of the light 
pulse for clock is perpendicular to that of the optical 
pulses for data, and a phase difference betWeen the opti 
cal pulses for clock and data is adjusted to be 90 degree; 
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adjusting timing of the optical pulse for clock so that the 
optical pulse for clock is combined With the one of a 
series of the optical pulse for data, thereby generating a 
circularly-polariZed pulse, 

Whereby only the circularly-polariZed optical pulse is 
recorded in the memory element. 

4. The method of recording information data according to 
claim 2, Wherein tunnel resistance betWeen the pin layer and 
the free layer in case Where magnetiZation direction in the free 
layer and the pin layer is parallel is different from that in case 
Where they are antiparallel, and Wherein the semiconductor 
light detection region provides an optical gain When positive 
voltage is applied to the p-type semiconductor region, and 
negative voltage is applied to the n-type semiconductor 
region. 

5. A method of optically reading information data from the 
non-volatile memory element according to claim 1, compris 
ing the folloWing steps of: 

applying positive voltage to the p-type semiconductor 
region; 

applying negative voltage to the pin layer, Wherein current 
injected in the semiconductor light detection region in 
case Where the magnetiZation direction in the free layer 
and that in the pin layer are parallel, is different from 
current injected in the semiconductor light detection 
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region in case Where the magnetiZation direction in the 
free layer and that in the pin layer are antiparallel, and 
voltage is adjusted so that an optical gain generated in 
the semiconductor light detection region becomes large; 
and 

illuminating semiconductor light detection region by a 
light pulse, Wherein after the light pulse passes through 
the memory element, an output pulse intensity in case 
Where the magnetiZation direction of the free layer and 
that of the pin layer are parallel is larger than that in case 
Where the magnetiZation direction of the free layer and 
that of the pin layer are opposite to each other, so that the 
information stored in the free layer is read out according 
to the intensity difference of the optical pulse. 

6. The method of recording information data according to 
claim 3, Wherein tunnel resistance betWeen the pin layer and 
the free layer in case Where magnetiZation direction in the free 
layer and the pin layer is parallel is different from that in case 
Where they are antiparallel, and Wherein the semiconductor 
light detection region provides an optical gain When positive 
voltage is applied to the p-type semiconductor region, and 
negative voltage is applied to the n-type semiconductor 
region. 


